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POPCORN . . .
Its Production, Processing and Utilization
by J. C. E ldredge and W . I. T hom as1
This is a brief summary of many years of research on 
all phases of the popcorn industry. Anyone wanting 
more detailed information on any of the topics men­
tioned should write the Agronomy Department, Iowa 
State University, Ames, Iowa.
EARLY HISTORY
The early history of popcorn is clouded. It is gener­
ally agreed that corn originated in the New W orld—  
along with popcorn and other subspecies including 
dent, flint, flour and sweetcorn.
Some students of the origin of corn contend that 
popcorn was one of the first— if not the first— subspe­
cies to evolve from, wild grasses from which corn may 
have descended. In recent years archeologists have 
unearthed specimerts which closely resemble a small­
eared type of popcorn which we have today.
Popcorn apparently was unknown to> Europeans until 
introduced from America in recent times. This has 
led to speculation that the early American settlers ob­
tained popcorn, as such, from the Indians. However, 
some writers who have explored the early history of 
popcorn contend that there is no mention of popcorn in 
the early history of the American colonies.. They think 
that the Indians, who carried parched corn on their 
travels, did not want a corn which would pop, as it 
would be too' bulky to carry. Their belief is that pop­
corn occurred as mutations from certain types of dent 
or flint corn. The popping characteristic probably 
showed up when corn was parched.
AREAS OF PRODUCTION
Popcorn apparently was not mentioned in early farm 
papers and seed catalogs until about 1880. By 1900 
popcorn had become common in homes all over the 
United States, and by 1912 the nation’s commercial 
production had reached 19,000' acres, mostly in Iowa, 
There was a more or less steady rise in acreage, and 
since 1942 total production in the United States has ex­
ceeded 100,000 acres annually.
Iowa was the leading state in popcorn production 
until 1947. The first commercial production of popcorn 
in any quantity was in Sac County. This area in west- 
central Iowa became known as the popcorn center of
Uohn C. Eldredge, associate professor of agronomy, and 
Walter I. Thomas, assistant professor of agronomy.
The sections on Insects and Rodent Pests, Diseases of 
Popcorn, and Chemical W eed Control were prepared by 
Harold Gunderson, extension entomologist, M. C. Shurtleff, 
extension plant pathologist, and E. P. Sylwester, extension 
botanist and plant pathologist, respectively.
the world. Several large popcorn processing plants 
were established in Sac County and nearby areas. 
Transportation costs caused production to be centered 
around these plants.
Since 1947 production has sliifted eastward. The 
four leading states now are Indiana, Iowa, Illinois and 
Ohio, each with an average annual production of over 
30 million pounds. In addition, considerable popcorn 
is produced in Missouri, Kentucky, Nebraska, Kansas, 
Texas and Michigan.
T he. eastward shift in popcorn production is due to 
several factors. In the past popcorn was a competitor 
with dent corn more than with any other crop. W ith 
the high yields of dent "corn on the better soils of the 
central Corn Belt, popcorn has been forced into' the 
less fertile areas. Transportation costs to the large 
consuming areas give the processors in the eastern 
Corn Belt some advantage.
Acreage and production of popcorn fluctuate vio­
lently, especially in some of the states south of the 
Corn Belt. When there is a short crop' one year and 
it appears that prices will be higher before the next crop 
is available, processors in the Corn Belt contract some 
acreage in the southern states, hoping to .get the new 
crop on the market ahead of that produced in. the maj or 
areas.
WHY GROW POPCORN?
A  farmer, noting the price of popcorn on his grocer’s 
shelf, might think that it would be very profitable to 
raise, process and market popcorn. However, many 
factors need to' be considered.
First, as with numerous other food products, the 
price on the grocery shelf may bear little relation to 
the price the grower receives. Popcorn goes through 
several stages of processing before it becomes a' finished 
product.
Next, returns from popcorn should be compared with 
those from other crops. Many farmers may be looking 
for a substitute for part of their field corn acreage. The 
better yellow popcorn hybrids have yielded from 60 to 
80 percent of adapted dent hybrids in recent years. But 
before the decision to grow popcorn is made, other 
crops should be investigated. Perhaps a greater return 
can be realized from oats or soybeans. (See table 1.)
Another problem confronting a person planning to 
grow popcorn on a large scale is that of marketing. 
Is there a processor near by who is willing to buy the 
crop? Will he buy it under contract? Under con­
tract, the grower is assured of a market at the contract 
price, and the processor usually furnishes the seed and
3
3
Eldredge and Thomas: Popcorn... Its production, processing and utilization
Published by Iowa State University Digital Repository, 1959
T able 1. Popcorn acreage, yield per acre, price of corn on the ear received by the grower and the gross return per acre in Iowa 
and the U.S., from 1948 to 1958. Also gross return per acre for dent corn. (Data from USDA Bureau of Agricultural Econom- 
ics Crop Reporting Board.)_______________________________________________________________________________________________________ _ _________
Acreage harvested Yield per acre Av. price per Gross return Dent corn gross
(1,000 acres) ______(lbs.) 100 lbs. per acre return per acre
Year Iowa U. S. Iowa U. S. ______Iowa________ U.S.__________ Iowa ______ U. S._________Iowa_____  U. S.
1948 ..................  26 159 2,110 1,939 $5.20 $4.33 $109.72 $83.96 $79.25 $55.25
1949 .................. 21 97 1,500 1,618 3.60 3.06 54.00 49.51 57.63 47.25
1950 .................. 26 137 1,680 1,720 2.75 3.16 46.20 54.35 73.26 57.22
1951 .................. 16 132 1,528 1,450 4.35 4.28 66.47 62.06 71.55 59.59
1952 ..................  21 171 2,350 1,572 4.30 4.44 101.05 69.90 93.30 61.81
1953 ..................  25 199 1,880 1,621 3.80 3.68 71.44 59.66 79.35 59.00
1954 .................. 28 144 1,550 1,588 3.10 2.93 48.05 46.53 78.16 49.87
1955 .................. 24 151 1,400 1,615 3.15 3.07 44.10 49.58 58.69 45.78
1956 ..................  27 176 1,360 1,887 2.60 2.72 35.36 51.32 61.29 56.87
1957 .................. 37 145 1,650 1,771 2.25 2.59 37.13 45.86 73.72 54.41
1958 .................. 45 234 1,950 2,069 2.30 2.41 44.85 49.86 63.27 55.32
Average ......... .. 26.9 158.6 1,723 1,714_________ 3.40 3.33___________59.85 56.60__________71.77_______ 54.76
takes the cost out of the crop when it is delivered.
Individuals with extra time and enough garden space 
may find it profitable to grow popcorn to supply a local 
demand— either individuals or smaller grocery stores 
(the large supermarkets usually have wholesalers who 
supply their needs). However, the grower must choose 
the right hybrid, grow it properly, cure to the right 
moisture content, clean and package it attractively.
Some of the same problems are involved in growing 
popcorn for home use, but essentially all that is re­
quired is enough garden space and a little knowledge of 
gardening.
Anyone thinking about starting a popcorn business 
— either as a grower or processor— should remember 
that popcorn is a food product. It must be handled 
and processed as food, not as livestock feed. It also 
must be packaged to maintain exactly the right mois­
ture content and appear attractive on the grocer’s shelf.
CHOOSING THE RIGHT SEED
Hybrids or varieties? White or yellow popcorn? 
Flake or butterfly kernels? These and other problems
all must be considered when choosing seed for popcorn 
growing.
Kernel or Flake Characteristics
An understanding of the terms used to describe pop­
corn and its characteristics will be helpful in choosing 
the right popcorn seed.
All varieties are divided into two groups— pearl and 
rice— based on kernel shape. The pearl types have a 
short, thick kernel, either rounded or flattened, but 
always round at the crown. The rice types are rounded, 
flattened or rather long and slender, but have a sharp 
pointed crown sometimes ending in a hook or beak. 
The modern hybrids may be either rice or pearl or a 
blending of the two, depending on their parentage. 
Typical ears, kernels and popped kernels of three hy­
brids are shown in fig. 1.
Most of the popcorn used for popping is either yel- 
low or white. On the commercial market there is a 
much larger percentage of yellow ; but for the home 
gardens white hybrids are more popular, especially in 
the northern half of the country. In the past the white 
varieties were generally more tender and free from 
coarse hulls than some of the yellow varieties, and
Fig. 1. Three hybrids showing typical kernel, ear and popped flake type. (A ) Iopop 5, a Japanese Hulless type hybrid, (B) 
Iopop 6, a Yellow Pearl type hybrid, and (C) a South American type hybrid.
4
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hence there was an association of these qualities with 
color. Many people thought that the yellow varieties 
had a more distinctive and desirable flavor, and favored 
the yellow in spite of the hulls.
Color of popcorn is no different from color in other 
kinds of corn. White or yellow color is located in the 
endosperm or starchy body of the kernel, while blue, / 
red, brown or calico  ^ color is located in either the peri- > 
carp (the outer hull) or in the aleurone, a thin layer 
of cells just beneath the hull. Because of the location 
of the colors other than white or yellow, it is not pos­
sible to have popcorn which will be red or blue, for 
example, after it is popped. This is because the hull 
and aleurone layer curl back toward the tip when pop­
ping occurs and the endosperm color determines the 
color of the popped flake. Thus all popped popcorn 
will be either white, from white popcorn, or light yel­
low, from yellow varieties.
Popcorn which has been artificially dyed or colored, 
has been put on the market. If the dye covered only/; 
the surface of the unpopped kernel, the popped flake/ 
would not be colored; but if dye penetrated into the 
endosperm, the popped flake might have a pastel shade 
of the color used. The expansion of the, starch grains 
in popping would considerably dilute the color.
There is no such thing as an absolutely hull-less pop- ^  
corn. The hull is the pericarp or „outer covering of (  
ihe-kemek— All popcorn must have some hull, varying \ 
in thickness wilh ..variety or hybrid. Several of the / 
modern yellow hybrids are as tender and as free from 
coarse hulls as the so-called white hulless. Differences 
in freedom from hull are illustrated in fig. 2.
There is considerable confusion concerning the term 
used in describing the outer covering or seed coat of 
the popcorn kernel. Hull is the accepted term and 
should not be confused with husk, which is the outer 
covering of the ear before it is removed from the stalk. 
Chaff is another term which should not be confused 
with hull. Chaff is the thin, papery flake which clings 
to the tip of the kernel and is really a part of the cob.
It is difficult to' remove all of the chaff in the cleaning, 
process. That which works loose after the corn has 
been packaged for retail sale can be removed easily 
by blowing on it. However, if not removed it has 
little, if any, effect on the eating quality.
The term flake is used to describe the popcorn ker-~~) 
nel after it is popped. Different varieties of popcorn ' 
and hybrids have distinctly different shapes when ) 
popped. Popped corn which has an irregular, branched 
or pronged appearance (the most common type) is 
called butterfly; that which puffs up into an almostO 
round ball is called mushroom. The popping expansion 
of mushroom type usually is somewhat lower than but- ( 
terfly because the individual flakes fit together closer. J 
The mushroom type usually has a coarser hull because 
the varieties South American and Superb, from which 
this type was developed, have a coarse hull which 
often adheres to the popped kernel.
Fig. 2. Popped kernels showing (left) a heavy hull and 
(right) a light hull.
The mushroom-shaped flake is preferred by manu­
facturers of confection-type popcorn products— such as 
caramel or sugar-coated corn. It is also preferred by 
operators of popcorn vending machines and some pop­
corn stands where the corn is popped at a central loca­
tion and delivered to the stands in large moisture- 
proof cellophane bags. Some of the most tender flakes 
are not satisfactory for central poppers because of the 
breakage in handling. For home use or “ on location” 
popcorn stands, a more tender hybrid with lighter hull 
is much more desirable. The different popped kernel 
types are shown in fig. 3.
Popping expansion is one of the most important 
characteristics of popcorn. Sometimes called popping 
volume, it refers to the increase in volume of unpopped 
corn after it is popped. To illustrate, if a cup of un­
popped corn expanded into a volume of 36 cups when 
popped, that lot of corn is said to have a popping ex­
pansion of 36 volumes. Factors affecting popping ex­
pansion will be discussed more thoroughly later.
Fating quality is probably one of the most important 
factors in the use of popcorn. Total production in the 
United States has almost doubled in the last decade in 
spite of the fact that the same amount of popped com  
can be. obtained, from a fourth less unpopped corn be-
Fig. 3. Types of popped kernels shown are (A ) mushroom, 
(B ) intermediate and .(C) butterfly.
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cause of much higher popping expansion. A  part of 
this increase in use is due to better eating quality of 
popcorn resulting from breeding hybrids superior in 
popping expansion and tenderness.
Plant Characteristics
The term lodging refers to the tendency of some hy­
brids to lean over— called root lodging. Hybrids may 
also break at various heights above the ground— called 
stalk lodging. Stalk lodging is due to' inherently weak 
stalks or damage to the stalks from com  borers or 
various diseases known as stalk rots.
Hybrids and Varieties
Choosing the right seed has been greatly simplified 
since the advent of hybrid popcorn. The changeover 
from open-pollinated varieties to hybrids has been even 
more rapid than that which occurred with dent corn 
hybrids 10 years earlier.
There are several reasons for this rapid shift to 
hybrid popcorn. Probably the most important is pop­
ping expansion. Also, popcorn varieties as a group 
were relatively less desirable in other qualities such as 
yield, lodging and disease resistance and eating quality. 
Today processors and commercial poppers likely would 
refuse to buy open-pollinated varieties because of the 
low popping volume.
Since complete maturity is essential for maximum 
popping expansion, the grower should choose a hybrid 
which is best suited for the area where it is to be 
grown. The hybrid should be ordered by specific name 
or number. Only adapted hybrids which will mature 
in a normal season in a given area should be grown.
Some Corn Belt hybrids perform well considerably 
south of the Corn Belt; some— especially of Japanese 
hulless ancestry such as Iopop 5— are not satisfactory 
even in southern Iowa or similar latitudes. Adaptation 
areas in the next section are given from the northern 
to the southern limits of successful production based on 
the longitude of central Iowa. They may vary consid­
erably in the eastern and western parts of the United 
States.
At present there are enough hybrid popcorn seed 
producers in the Corn Belt to supply any reasonable 
demand. Production of hybrid popcorn seed, like that 
of hybrid field corn, is a specialized business requiring 
training, experience, processing equipment, and a sales 
organization.
Instances have been reported of growers of commer­
cial popping corn using some of the previous year’s 
crop for seed. This is called second-generation or F„ 
seed. Yields from a crop produced from F2 seed have 
been observed to be 15 to 50 percent lower than from 
a crop produced from the F*, first-generation hybrid 
seed. Yield reductions may be even greater than in dent 
com  because many of the hybrids are single and three- 
way crosses, where more serious reductions occur than 
in double crosses commonly used in dent corn. In addi­
tion, the crop from F2 seed often is less uniform than
6
T able 2. Yield, popping expansion and percentage of moisture at % 
harvest (relative maturity) of eight varieties of popcorn tested | 
at the Iowa Agricultural Experiment Station during the S years j 
1932, 1933, 1935, 1936 and 1937, and eight hybrids tested during 
the 3 years 1955 to 1957. \
Variety or 
hybrid
Yield: lbs. 
of ear corn 
per acre
Popping expansion Percentage 
Cu. in moisture 
Volume per lb. at harvest
Varieties
White Hulless . . . .  2,008 20.4 17.8
White R ic e ......... . .  3,090 17.2 18.5
Spanish ................ . .  2,238 14.5 13.3
South American. . .  2,860 17.6 22.6
Yellow Pearl . . . . .  2,680 20.4 20.4
Supergold ........... . .  2,931 22.6 22.6
Superb (2 yrs. only) 2,663 
Tom Thumb
19.2 13.3
(3 yrs. only) . . . .  2,331 20.1 26.0
Hybrids
Iopop 5 ................ . .  2,656 31.7 900 13.7
Iopop 7 ................ . .  2,636 32.1 920 13.5
Minnhybrid 250 . . .  1,269 29.1 813 11.0
P303 ...................... . .  3,267 34.0 850 17.8
Iopop 6 ................ .. 2,908 39.3 1,027 17.3
Iopop 8 ................ . .  2,980 39.6 1,020 17.5
P32 or K 4 ........... . .  2,657 37.0 927 19.0
P202 ...................... . .  2,880 39.7 1,000 17.5
from Fx seed, which may cause difficulty in harvesting 
and grading. j
Below are listed some of the more important hybrids I 
which are widely grown or are adapted to specific areas. I 
New hybrids are being released from year to year as U 
they are developed by experiment stations and private J 
breeders. Some of the hybrids listed below may be J 
obsolete in a few years.
The Iowa and Indiana Experiment Stations have J 
been the leaders in developing hybrid popcorn. Kan- v 
sas, Nebraska, Minnesota, New York and a few other 
states are doing some work with hybrid popcorn and 
also testing hybrids developed in other states.
Table 2 lists data on varieties and hybrids and points ! 
up the great improvement which has been made in pop- T 
corn as a result of hybrid breeding. The yields of hy­
brids do not compare as well as might be expected, 
since the 1956 crop was almost a complete failure in rr 
central Iowa. J.
The detailed description of each hybrid given below, i 
as well as the data in table 2, should enable a purchaser it
of hybrid popcorn seed to obtain the hybrid best suited I
to his needs. f
The state of origin of the hybrids listed below and in f  
table 2 is indicated by the following: Iopop— Iowa; „1
P —  Indiana (Purdue); K  —  Kansas; Minnhybrid— y..
Minnesota.
. I
Iopop 5. A  good hybrid for home gardens. Ear— short, /
thick, medium tip; kernel— white, small, slender; flake— \
butterfly, small, tender; hull— very light; stalk lodging re- j 
sistance— only fair; adaptation— south-central Minnesota to V
south-central Iowa. I
Iopop 7. The best commercial white hybrid to date. Ear /  
— medium large, blunt to medium pointed; kernel— white, J
medium size, medium round; flake— butterfly, medium small, s 
tender; hull— light; stalk lodging resistance— medium good; j 
adaptation— south-central Minnesota to south-central Iowa.
6
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•M Minnhybrid 250. Not satisfactory in Iowa because of low 
| yield. Ear— short, small, medium pointed; kernel— white, 
medium small, medium round rice; flake— butterfly, medium 
f small, tender; hull— light; lodging resistance— poor; adapta­
tion— Very early, north-central to south-central Minnesota.
P303. Ear— medium, medium slender; kernel— white, me- 
j dium small rice; flake— butterfly, medium small, tender; hull
__light; stalk lodging— medium; adaptation— southern two-
j thirds of Iowa.
Iopop 6. A  good yellow hybrid for home gardens. Ear
f __medium large, medium slender; kernel-Smedium light
yellow, medium size, medium round, pearl; flake— butterfly, 
medium size, tender; hull— light; stalk lodging— medium; 
considerable ear drop in bad corn borer seasons; adaptation 
1 —southern two-thirds of Iowa.
u  Iopop 8. Similar to Iopop 6 in all characteristics. Slight- 
I ly smaller ear a shade darker yellow, somewhat less ear 
drop.
P32 or K4. Ear— medium large; kernel— medium dark 
| yellow, medium large, round, pearl; flake— butterfly, me­
dium large, medium tender; hull— medium heavy; lodging 
) resistance— medium; adaptation— central Iowa to southern 
I Corn Belt.
P202. Ear— large; kernel— medium light yellow, medium 
large, medium flat, pearl; flake— butterfly to mushroom,
V large, medium tender; hull— medium to heavy, coarse; lodg­
ing resistance— medium; adaptation— north-central to south-
| ern Iowa.
CULTURAL METHODS
4- In general, the methods employed in growing a crop 
| of popcorn are the same as for field corn. Probably 
S the greatest differences are in rate of planting (number 
' of plants per acre) and in weed control. Below are 
listed some specific requirements.
Soil and Fertilizer
Soil and fertilizer requirements of popcorn are sim­
ilar to field corn. The crop does best on fertile, well­
's/ drained soils. W et or drouthy soils should be avoided 
! if possible. Some of the less fertile areas of the Corn
i Belt are important producers of popcorn. This is an
indication that popcorn does as well as field corn on 
1 poorer soils.
i Since popcorn seed is small and early growth is slow, 
A  it is advisable to use starter fertilizer at planting time. 
| The ratios and grades of fertilizer are the same as for 
if field corn. Since popcorn yields about three-fifths as 
much as field corn —  under similar conditions —  the 
| amount of fertilizer can be reduced somewhat as com-
f  pared with the amount recommended for field corn.
I However, popcorn responds to heavy applications of
V  fertilizer. For specific recommendations the soil should 
be tested.
Do not use high-nitrogen fertilizer or nitrogen alone 
| in the planter attachment at planting time because of 
H danger of damaging the stand in a dry spring. Ten 
i pounds or less of nitrogen per acre is sufficient at 
4 ; planting time. Extra nitrogen can be supplied from 
| manure or legumes plowed under or commercial nitro- 
f  gen applied as a side dressing by the time of second 
j cultivation.
Popcorn grown on high-lime spots usually has very
V i .
low popping expansion. This probably is due to the 
poor development of corn kernels on these high-lime 
spots. A  heavy application of potash on such spots 
usually will correct the difficulty.
Popcorn should not follow field corn in the rotation 
because there may be considerable volunteer field corn 
in such fields. This results in dent ears in the pop­
corn crop; these ears seriously affect popping expan­
sion unless sorted out. Popcorn processors may re­
fuse to- accept popcorn badly mixed with dent corn. 
Contamination of popcorn from field corn or sweet- 
corn pollen blowing onto the popcorn silks has only a 
slight effect on popping expansion.
Experiments have been conducted to' determine the 
effect of soil type and fertilizers on popping expansion 
and eating quality. Popping and eating tests have 
shown that there was no effect from soil type. Other 
tests have shown no measurable effect on popping ex­
pansion or eating quality from fertilizer use. Fertilizer 
is used primarily to increase yields and to obtain more 
rapid growth with more and larger ears.
The Seedbed
Popcorn seed, because of its small size, should be 
planted as shallow as possible and yet have the ker­
nels well covered. A  firm, mellow seedbed, free of 
coarse clods, with moisture near the surface, is even 
more important than for field corn. The use of a cor­
rugated roller after planting is a desirable practice. 
Where listing is practiced, popcorn is often planted by 
this method.
Planting
Time of planting for popcorn is the same as for field 
corn. Rate of planting can be heavier than for field 
corn. Experiments and the experience of growers in­
dicate that on fertile soil and in a year with normal 
rainfall, the seed can be spaced as close as 7 to 8 inches 
apart. Many growers plant four kernels every 28 or 
29 inches. A  rule followed by one of the largest pop­
corn processors in Iowa is to plant one-third thicker 
than for dent corn. One kernel planted every 8 inches, 
in rows 40 inches apart, requires 19,600 kernels per 
acre.
Because size of seed varies greatly with different 
hybrids, it is important to have the right planter plate 
for the seed being used. Seed producers usually show 
the grade on each bag of seed. This is indicated in 
sixty-fourths of an inch and varies from size 11 
(11 /64) to size 17. Sizes smaller and larger than this 
are usually screened out and discarded. Planter plates 
for popcorn can be obtained for most makes of plant­
ers. If they are not available, sorghum plates m aybe 
used.
It requires from 3 to 8 pounds of seed to plant an 
acre, depending on size of seed and rate of planting. 
Sizes and number of kernels per pound are given in 
table 3 for Iopop 6 and P202. This may be used as 
a guide in estimating seed requirements.
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T able 3. Number of kernels per pound and number of 
pounds per acre required for Iopop 6 and P202 planted in 
40-inch rows and 8 inches apart in the row. (Equals 19,- 
600 kernels per acre)
Iopop 6f P202
Size* Kernels Lbs. Kernels Lbs.
(Grade)____________ per lb. per acre______ per lb. per acre
11 ......................... 6,320 34 6,875 2.9
12 ......................... 5,560 3.5 5,840 3.4
13 ......................... 4,740 4.1 4,800 4.1
14 ......................... 3,980 4.9 4,080 4.8
15 ......................... 3,380 5.8 3,960 4.9
16 ........................   2,400________ 8.2
*Size or grade designated by seed which passes over the 
given size of screen.
fThese grades would apply also to Iopop 8 and P32. 
Cultivating
Because popcorn starts and grows slower at first and 
does not grow as tall and shade the ground as well as 
field corn, weed control may be a greater problem. Be­
fore and soon after the corn is up, it may be desirable 
to use the harrow or rotary hoe on fields which are 
mellow and free from large clods. Undoubtedly this 
will destroy some popcorn plants and is an additional 
reason for using a heavy planting rate. Later cultiva­
tions should be only sufficient to control weeds.
Chemical Weed Control
Chemicals— both pre- and post-emergence— are valu­
able supplements to good cultural weed control prac­
tices. They are most valuable on land where even the 
best cultural practices have not been effective in con­
trolling weeds.
Chemicals should first be tried on small areas before 
treating large acreages. This permits observation of 
their effectiveness under specific conditions of soil and 
application. These variable conditions affect final re­
sults.
When using any weed control chemical, it is impor­
tant to follow directions closely and explicitly to1 con­
form to regulations of the U. S. Food, Drug and Cos­
metic Act.
Pre-emergence sprays. These are applied after 
corn is planted and before it is up. They do not work 
satisfactorily if extremely dry weather occurs after ap­
plication. Excessive rainfall will dilute the materials 
and make them less effective. Pre-emergent sprays 
will not control such perennial weeds as Canada thistle, 
quackgrass, morning glory and milkweed.
Row treatment rather than spraying the entire field 
cuts the cost. The treated band should be wide enough 
(12-14 inches) so that at the time of first cultivation, 
the shovel runs in clean soil.
These pre-emergent sprays are effective:
1. 2,4-D, ester form. Apply \y2 pounds per acre over­
all or /d pound per acre on a 12- to 14-inch band on 
a well-prepared, clod-free seedbed, after corn is 
planted but before it is up. On sandy soil use 1 
pound over-all or ^  pound on a 12- to 14-inch band. 
Will stunt both grassy and broad-leaved weeds. Ef­
fective only on annual weeds.
2. Rand ox. Use 4 pounds per acre over-all of lf/3 
pounds per acre on a 12- to 14-inch band. Use with 
caution. This material is extremely irritating to eyes 
and skin. Randox controls annual grassy weeds 
only. Follow directions closely as to type of soil.
3. Simazine. Use 6 pounds per acre as. an over-all 
treatment or 2 pounds per acre on a 12- to 14-inch 
band. This is a wettable powder that needs agita­
tion as it is applied. Put powder in 20 gallons of 
water for each acre of over-all application and in 10 
gallons for band treatment. Simazine is best used 
on problem land where weeds are serious and where 
corn follows corn. There is some danger of carry­
over to succeeding crops such as soybeans, alfalfa
■ and small grain.
4. Eptam. Use 6 pounds per acre over-all or 2 pounds 
per acre on 12- to' 14-inch bands. Eptam seems to 
work best if it is incorporated into the soil by light 
harrowing or rotary hoeing. Follow directions for 
its use closely.
Post-emergence sprays. These are applied after 
the corn is up. Use 2,4-D in accordance with the fol­
lowing instructions:
1. For corn in the 1- to 4-inch stage use Jd pound of 
amine or %  pound of ester form per acre. Raise 
boom and apply an over-all treatment. Highly ef­
fective for all broad-leaved seedling weeds. Used 
in this early-growth stage, 2,4-D makes the first 
cultivation more effective and easier. This is the 
best time to spray corn. Follow directions closely.
2. For corn at the layby stage use pound amine or 
Ya pound ester form of 2,4-D per acre. Delay spray­
ing until equipment can just barely get through the 
field. Use drop extensions. Spray when soil mois­
ture and humidity are low and when corn is growing 
slowly. D o not overdose. Use as a ‘ ‘rescue”  opera­
tion. Use alternatives (1 ) or (3 ) if possible.
3. For corn immediately before tasseling or immedi­
ately after pollination is completed, use Y  pound of 
amine or ^  pound of ester form of 2,4-D per acre. 
Apply with high-clearance equipment or airplane. 
This spray will prevent most broad-leaved weeds 
from seeding. It is not effective on grassy weeds. 
Small patches of broad-leaved noxious weeds may be
sprayed with heavier dosages of 2,4-D for better re­
sults after pollination is completed.
Harvesting
Most of the commercial popcorn is harvested with 
mechanical pickers. Because of the small size of the 
ears— compared with field corn— picking popcorn by 
hand is a slow, laborious process. Some of the very 
small, multiple-eared varieties, although tender and of 
good eating quality, are not grown commercially be­
cause they are not adapted to harvesting with mechani­
cal pickers.
One problem in developing hybrid popcorn is to have 
hybrids with sufficient diameter at the butt of the ear
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so the ears will not be drawn into the snapping rolls 
and crushed or carried through to the ground. Most 
—if not all— hybrids now available can be harvested 
with mechanical pickers and will stand up well enough 
so pickers can be used except in a season when severe 
storms have caused considerable lodging. Special pop­
corn rollers are available for most makes of pickers.
It is important that harvesting be delayed until the 
crop has dried down to' at least 20 percent and pref­
erably 18 percent moisture content unless the crop is 
dried artificially. The crop should be harvested 
promptly if it has reached less than 18 percent, because 
in a dry fall with hot weather in September, the crop 
may become too dry. There also may be considerable 
loss from ear drop and broken stalks in excessively dry 
corn— especially in a bad corn borer season-
Before the advent of mechanical harvesters, much of 
the commercial crop was snapped, leaving most of the 
husks on the ear. This was done to' make harvesting 
easier, but it also had the advantage of protecting the 
kernels from dust and rodent damage. It had the dis­
advantage of covering moldy ears, making it difficult 
to sort them out. Some processors are considering the 
possibility of going back to' snapping, because of the 
problem of rodent damage.
With the coming of the picker-sheller, some growers 
have considered the possibility of harvesting popcorn 
with such a machine. There are some disadvantages. 
Since it is difficult to moisten shelled corn, the crop 
must be at about the correct moisture content before 
it is harvested. If corn is harvested too wet there is 
some damage to the kernels, which would greatly lower 
popping expansion. If corn is too dry, it must be mois­
tened before it is marketed. Also there is the risk of 
storms damaging the crop before it has dried sufficiently 
if fall weather is rainy and humid.
In the fall when the moisture content of the corn is 
above 25 percent at a time when hard freezes are likely, 
experiments have shown that it is better to harvest the 
corn and dry it artificially than to risk a hard freeze. 
Tests have shown that a temperature of 20° F. for 44 
hours with corn at 30 percent moisture lowered the 
popping expansion about 12 percent. At 0° F. the 
volume was lowered 30 percent.
INSECT AND RODENT PESTS OF POPCORN
Popcorn is attacked by the same insects that attack 
field corn. Because of the slower growth early in the 
season, the relatively weaker stalk and ear shank, and 
the smaller ear, damage from these pests may be more 
serious than in field corn.
Soil Insects
There are 15 to 18 species of insects which live in 
the soil and attack the planted unsprouted seed, the 
roots or the lower stalk of both field corn and popcorn. 
Seed corn beetles, seed corn maggots and wireworms 
will cause more damage in popcorn than in field corn
because of the slow growth of popcorn early in the 
season. It is recommended that all popcorn seed be 
treated prior to' planting with 1 ounce of actual diel- 
drin per, bushel of seed (2 ounces of 50 percent diel- 
drin. wet-table powder per bushel). This can be applied 
in the fungicide slurry or can be applied as a dry pow­
der at any time before planting. Distribute the in­
secticide evenly on all the kernels.
White grubs, corn rootworms, wireworms, cutworms, 
sod webworms, billbugs, corn field ants and corn root 
aphids are also serious soil pests of popcorn. Their 
activities may cause loss of stand or severe lodging. 
Seed treatment does not affect these insects.
The cheapest method of applying soil insecticide is in 
the row at planting time. Apply Jd pound of actual 
aldrin or heptachlor per acre as a spray or granular 
formulation in the furrow just behind the planter shoe. 
If an insecticide-starter fertilizer mixture is used, apply 
this with the split-boot starter-fertilizer attachment 
only.
Soil insecticide row treatments must be repeated 
each year that the field is in corn. Broadcast applica­
tion of 2 pounds actual aldrin or heptachlor per acre 
disked in immediately after application on sod ground 
in corn for the first year will carry over to protect the 
crop a second year.
Seed and soil treatment with insecticides show no 
detrimental effect on popping volume or flavor of the 
popped flake.
Corn Borers. Popcorn is extremely susceptible to 
corn borer damage. Experience to date in Iowa indi­
cates the desirability of two first-brood treatments and 
one second-brood treatment in most popcorn fields. The 
first application for first-brood borer is made as soon 
as 50 percent of the plants show corn borer leaf feeding. 
A  second application is made 7 days after the first. A  
single second-brood treatment is applied on Aug. 1, if 
the popcorn silks are still green and the tassels are still 
shedding pollen.
There are four chemicals which give effective corn 
borer control: DDT— 1 pound per acre as 20' pounds 
of 5 percent D D T granular or 1 jd pounds per acre as 3 
quarts of 25 percent D D T emulsifiable concentrate; 
endrin— 0.2 pound per acre as 20 pounds of 1 percent 
or 10: pounds of 2 percent endrin granular or 1 pint of 
15 percent endrin emulsifiable concentrate ; heptachlor 
— tO' 1 pound per acre as 15 to' 20 pounds of 5 per­
cent heptachlor granular on ly ; toxaphene— 1 to 2
pounds per acre as 15 to 20 pounds of 10 percent toxa­
phene granular per acre.
These treatments reduce stalk breakage, loss in yield 
due tO' first-brood corn corer activity and loss of kernels 
due to second-brood borer feeding.
Corn Earworms. In some years, the corn ear- 
worm does serious damage to popcorn. Effective con­
trol requires several spray applications. The first 
application is made as soon as the first silks emerge. 
Additional applications are made every other day until
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all silks are brown and dry. Use 2 pounds actual 
D D T in 10 to 25 gallons per acre directed at the ears. 
This treatment will also protect against second-brood 
European corn borer.
Chinch Bugs. W here popcorn joins small grain, 
chinch bug migrations from the small grain may cause 
serious damage to popcorn in southern Iowa. This 
can be avoided by spraying a barrier strip 3 rods wide 
in the small grain about July 1, using p2 pound actual 
dieldrin per acre. If chinch bugs are already in the 
popcorn, spray the infested stalks with the same mix­
ture.
Grasshoppers. Grasshopper control is easiest and 
cheapest when it is applied in the fence rows, road­
sides and pasture areas adjacent to popcorn. Apply 
1 to 2 ounces of actual dieldrin or 2 to 4 ounces of 
actual aldrin or heptachlor per acre in the area where 
grasshoppers are concentrated. Use the lower dosage 
on immature grasshoppers, the higher dosage on adults. 
Repeat the treatment in 10 days if continued migration 
occurs.
Storage Pests
A  program to prevent the presence of stored grain 
insects in popcorn includes the following steps:
Sweep out the empty bin or crib and spray the 
floor, walls and ceiling with 1 gallon of 5 percent 
methoxychlor water emulsion per 1,000 square feet of 
surface. At this time the bin or crib should be bird- 
proofed and rat-proofed with hardware cloth, sheet 
metal and wire screen. At the time popcorn is stored, 
either in the ear or shelled, apply 1 pint of 57 percent 
malathion emulsifiable concentrate premium grade per 
1,000 bushels. Adequate coverage is given with a spray 
of 2 gallons total liquid per 1,000 bushels of grain. 
Mixtures of pyrethrins and piperonyl butoxide are also 
available for this purpose. They should be applied 
according to the manufacturer’s directions.
Popcorn not treated with a grain protectant should 
be watched carefully for evidence of insect attack. 
Prompt fumigation is essential. W rite the extension 
entomologist for details.
Rats and Mice
All cribs and bins for popcorn should be constructed 
so that they are rodent proof. All weeds and other 
harbors in the vicinity of popcorn storage buildings 
should be removed. Bait stations containing clean, 
fresh, dry anticoagulant poison baits should be placed 
in fence rows near popcorn storage buildings and in 
and around all other farm buildings. These stations 
should be checked frequently and kept supplied with 
fresh bait throughout the year.
DISEASES OF POPCORN
Popcorn, like all other plants, is damaged by a num­
ber of diseases. Luckily, it is a “ healthy crop”  and 
failures due to diseases are rare. The prevalence and
severity of popcorn diseases fluctuate according to : 
(1 ) the environment (temperature, moisture and soil 
conditions) ; (2 ) the relative susceptibility of the hy­
brids; and (3 ) the presence or absence of the various 
disease-producing agents (principally fungi and bac­
teria) .
Most corn diseases are more prevalent during wet 
seasons, as moisture is necessary for most fungi and 
bacteria to' attack the plant. Some diseases, such as 
seed rot and certain seedling blights, are favored by. 
cold, wet conditions after planting. Plants grown in 
soils maintained at high, balanced levels of fertility are 
more resistant to certain stalk and root rots.
Hybrids differ greatly in their resistance to diseases. 
Some are highly resistant to certain diseases and sus­
ceptible to others. N o hybrid is. resistant to all dis­
eases. Resistance and susceptibility are governed by 
hereditary factors.
Every disease is caused by a specific disease-produc­
ing agent. In some localities certain diseases are un­
known because the particular disease-producing organ­
isms are absent. In these areas those diseases do not 
occur even when a susceptible hybrid is grown and 
weather and soil conditions are favorable.
The use of resistant popcorn hybrids is the best 
means of controlling diseases. Reasonable resistance to 
several of the damaging corn diseases is available in 
many high-yielding hybrids. Much more research and 
breeding is still necessary to reduce susceptibility to 
certain diseases in high-yielding inbreds. Only recom­
mended, locally adapted hybrids should be planted.
A  well-managed soil in which the fertility is high and 
properly balanced is an important factor in the con­
trol of certain stalk and root rots. This involves using 
recommended rotations, a well-drained soil, maintain­
ing adequate amounts of organic matter, and the proper 
amounts of fertilizers and lime as recommended from 
soil tests.
Seed treated with an effective fungicide is insured 
against seed rot and certain seedling diseases. Seed 
treatment will not protect against smut, leaf blights, 
rust, ear or stalk rots, crazy top and bacterial wilt or 
leaf spot.
Excessively deep and close cultivations should be 
avoided where practical or possible. Cultivator wounds 
allow easy entrance for fungi that produce root and 
stalk rots.
Proper handling at harvest, and storage under 14 
percent moisture, will prevent most spoilage by fungi 
(m olds).
Appearance of Specific Diseases 
and Control Measures
1. Seed Rot, Seedling Blight— Poor stand of stunted, 
slender, sickly, yellow plants in cold, wet soil. 
Control: Do not plant damaged or immature seed. 
Have seed tested for germination, then treat with 
thiram (Arasan, Panoram, Thiram 75W , Delsan
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A -D ) or captan (Orthocide 75 Seed Protectant, 
Captan 75 Seed Protectant, Captan-Dieldrin 60-15 
Seed Protectant, etc.), following the manufactur­
er’s directions. Plant in warm, well-drained soil. 
Practice a recommended crop rotation.
2. Stalk Rots— Plants may die prematurely. Stalks 
weak, rotted, and broken over easily. When severe, 
ears are often light and chaffy. Most severe in wet 
seasons. Excessive nitrogen fertilization increases 
stalk breakage. Many of the seed- and soil-borne 
fungi which cause stalk rots and seedling blights 
also cause root rots and ear rots.
Control: Use disease-resistant, locally adapted, 
recommended hybrids. Maintain balanced soil fer­
tility, especially of the major plant nutrients (N , P 
and K ), by applying the amounts indicated by a 
soil test. Avoid excessively deep and close culti­
vations. Control insects which provide wounds for 
the fungi to enter. Maintain soil in good tilth. 
Practice a recommended crop rotation and clean 
fall plowing.
3. Root Rots— Fine roots rot away, follow ed by 
larger roots. Infections often later move into the 
crown and lower stalk. Plants are often stunted, 
lack vigor, lodge easily and may die prematurely. 
Control: Same as for stalk rots. Plant treated 
seed (see No. 1).
4. Ear and Kernel Rots— Husks of affected ears 
may be bleached, white or reddish pink and ce­
mented together. Ear and kernels are rotted, may 
show white, gray, grayish-brown or reddish-pink 
mold growth. Cob may shred and rot. Shredded 
shanks and ears may break over prematurely. Ears 
often light and chaffy. Rots may continue to1 de­
velop in storage if moist and warm:.
Control: Prevent ear damage. Dry and store prop­
erly. Otherwise same as for stalk rots.
5. Smut— Silvery-white galls that turn into large, 
black powdery masses on ears, or black blisters on 
stalks, leaves and in tassels. A  minor disease. 
More smut is usually found in late plantings and 
where corn borer damage has occurred.
Control: None practical. Some differences in sus­
ceptibility exist between hybrids.
6. Helminthosporium Leaf Blight— Long, ellipti­
cal, grayish-green to tan spots, which first appear 
on the lower leaves starting in midsummer. Plants 
may appear “ frosted”  or as if suffering from 
drouth.
Control: Some hybrids show tolerance or resist­
ance.
7. Bacterial Wilt (Stewart’s Disease)— Not as com­
mon in popcorn as in sweetcorn. Pale green to 
yellow streaks (or spots), which later turn brown 
and dry, extend along leaf veins. Plants appear 
“ fired”  from bottom up; sometimes killed or 
stunted.
Control: None practical. Hybrids differ_ in re­
sistance.
8. Rust —  Small, orange to reddish-brown, dusty 
pustules on leaves. Pustules later turn black. Gen­
erally a minor disease which occurs from midsum­
mer on.
Control: None practical, although some hybrids 
show differences.
9. Bacterial Leaf Spot— Small, bleached, tan spots 
on leaves following cool, wet weather. Spots may 
run together forming irregular blotches. A  very 
minor disease.
Control: None necessary.
10. Crazy Top— Tassel bunchy, com posed of nu­
merous small leaves. Affected plants stunted, tiller 
excessively. Produce narrow leaves and no ears. 
Found only in low areas in certain fields which 
were waterlogged or flooded early in the season. 
Control: Avoid planting in low, wet spots, or drain 
such areas.
COMMERCIAL PROCESSING
Commercial processing generally includes all opera­
tions from' storage on the ear after harvesting until the 
shelled corn, ready for popping, is delivered to' the 
wholesaler or retailer. Most processors follow a sim­
ilar process with modifications to fit their particular 
operations and facilities.
Storage
Since the correct moisture content is so important 
for maximum popping expansion and since popcorn is 
used almost entirely for human food, there are two im­
portant essentials in popcorn storage.
First, the entire bulk of corn should have free access 
to moving air to insure rapid and uniform drying to 
prevent moldy areas in the crib in a wet fall. Popcorn 
cribs are narrower than those for field corn and should 
prevent rain from beating in. Cribs 3 or 4 feet wide 
are necessary in a climate like Iowa’s. If wider cribs 
are used, movable V-shaped airways can be installed.
Second, since the Food and Drug Administration 
may condemn as unfit for food any popcorn fouled by 
rats and mice, it is important that storage cribs pre­
vent the entrance of rodents.
When building new popcorn storage facilities it might 
be desirable to build with the thought of using a blower, 
with or without heated air, for seasons when the corn 
is high in moisture at harvest time.
Experimental work has shown that artificial drying 
of popcorn at temperatures not over 120° F., when the 
com  did not have over 25 percent moisture, did not 
lower popping volume. Some large processors follow 
the practice of artificially drying part of their crop on 
the ear in specially constructed cribs or drying bins, 
similar to' those used by hybrid seed corn companies.
Since the correct moisture is so important, it is desir­
able to have an electric moisture tester to check the
11
11
Eldredge and Thomas: Popcorn... Its production, processing and utilization
Published by Iowa State University Digital Repository, 1959
moisture content at frequent intervals if artificial drying 
is used. In crib' storage, natural drying is so gradual 
that frequent testing is unnecessary.
With crib storage all ears tend to dry to a uniform 
moisture content. With artificial drying —  especially 
with temperatures much over 100° F.— some of the 
ears may still be too wet and others too dry. Under 
these conditions a moisture test which shows the correct 
moisture might be misleading because a moisture tester 
shows only the average moisture.
Lack of uniformity in moisture content of artifi­
cially dried corn probably is the reason many popcorn 
processors prefer to use crib storage rather than artifi­
cial drying. However, artificial drying is much more 
rapid than crib curing and enables the processor to get 
the new crop on the market sooner. Lack of uni­
formity in rapidly dried corn can be overcome by stor­
age for a period of time before marketing.
In a climate similar to that of Iowa, com  harvested 
at 16- to 18-percent moisture and stored in an un­
heated, well-ventilated building may become dry enough 
to pop by December. In a dry fall, com  may be almost 
dry enough to pop when harvested in October.
Shelling and Processing
When popcorn has reached the correct moisture con­
tent (13-14 percent), it is ready for shelling and clean­
ing. The commercial crop usually is shelled with cyl­
inder shellers because spring shellers do not remove 
all the kernels.
The following steps, with minor variations, are fol­
lowed by popcorn processors in preparing com  for mar­
ket. They involve a large amount of expensive equip­
ment and are not practical for those who grow popcorn 
on a small scale for local sale.
1. Ear com  is run over a scalper to remove shelled 
kernels.
2. Ears are run over broad sorting belts where all 
moldy, badly damaged or dent-type ears are sorted out.
3. Ears are run through the cylinder sheller and over 
screens to  remove the cobs and chaff.
4. If shelled-corn drying is practiced, the com  is put 
through a specially built dryer and run into storage bins 
to cool and to allow the moisture to equalize.
5. Shelled, corn is run over a fanning mill with a 
heavy air blast to remove any light material such as 
pieces of cob, chaff and very light damaged kernels and 
to screen out the very large and small kernels.
6. The corn is then ran over a gravity separator to 
remove light or damaged kernels which cannot be taken 
out by the fanning mill. This operation is very impor­
tant when popcorn is handled on a large scale under 
conditions where each ear cannot be cleaned by hand. 
Often the tips of many ears are damaged by corn ear- 
worms and the kernels around the damaged tips be­
come moldy and discolored. Much of this discolored 
material can be removed only by the gravity separator. 
This is essential if a high-quality product is to be pro­
duced. Often, in a season when most of the ears are 
damaged by com  earworm or corn borers, there may 
be a 5- to 10-percent shrink in this process. • Another 
problem is live corn borer larvae. They often, hibernate 
in the cobs over the first winter after the crop is grown 
and are shaken out when the com  is shelled. They are 
difficult to remove either with the fanning mill or grav­
ity separator and of course are very undesirable in the 
finished product.
7. The corn is then run through a polishing machine 
equipped with brushes and an aspirator to1 rub off and 
remove the chaff which might still cling to the tips of 
the kernels.
8. Another step is fumigation to’ kill stored-grain in­
sects and their eggs.
9. The final step in the processing operation is pack­
aging, described below.
Packaging
Popcorn processors may use several types of pack­
ages, depending on the needs of their customers. For 
the wholesale trade, such as wholesale grocery compa­
nies, large theater chains, etc., much of the corn is 
packed in 100-, 50- or 25-pound moisture-proof bags 
— mostly in the 100-pound size. These bags may be 
of burlap or cotton, lined with heavy paper with a 
layer of asphalt between the paper and the outside fab­
ric. Other materials, such as polyethylene, are being 
used in a limited way. The term “ moisture-proof,” as 
applied to the different types of lined bags, is only rela­
tive. The bags are not completely airtight, and pop­
corn stored in such bags over a long period of time in 
buildings which are either hot and dry or high in hu­
midity sometimes becomes too dry or too1 wet for maxi­
mum popping expansion.
Tw o other types of containers are used, especially for 
retail sale. Much popcorn is put in small sealed tin 
cans (usually 10 ounces) for home use. A  sealed can 
or glass jar will keep the moisture the same for an in­
definite period of time, and corn stored in such con­
tainers will not lose its popping expansion even after 
several years. Some processors put up com  in 10- 
pound cans for large poppers. In recent years plastic 
materials, such as cellophane or polyethylene, are being 
used for retail packages. These plastic containers hold 
the moisture reasonably well, if tightly sealed. Only 
after a lengthy period of storage under rather dry con­
ditions will popcorn stored in such containers have a 
serious moisture loss.
Refrigerated Storage
Many processors store popcorn in refrigerated ware­
houses to' prevent moisture loss and infestation from 
stored grain insects.
Popcorn stored, in cloth bags or other non-moisture- 
resistant containers can be stored for prolonged periods 
at temperatures of — 10°, and loses only a slight 
amount of moisture in storage at temperatures up to 
32° F. over a period o f several months. However,
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was stored in cloth bags.
moisture is lost very rapidly in this type of storage at 
70° F. and higher when the humidity tends to' be low. 
(See fig. 4.)
Polyethylene bags or other moisture-resistant con­
tainers will prevent serious moisture loss for prolonged 
periods at temperatures lower than 45° F., and they 
generally are fairly satisfactory for periods of 30 to 60 
days for popcorn storage at 70° F.
More complete information on refrigerated storage of 
popcorn may be obtained by writing to the Agronomy 
Department at Iowa State University, Ames.
Reconditioning Popcorn
Restoring the correct moisture content of large quan­
tities of ear or shelled corn is a difficult problem. If 
stored in well-ventilated cribs, corn that has become too 
dry during a hot, dry spell in summer will absorb mois­
ture during a rainy spell in the fall and again attain 
good popping condition. Some processors who wish to 
shell and market a crib of corn while it is too dry sprin­
kle it thoroughly with a hose while it is being carried 
by the elevator or belt to the sheller. It takes expe­
rience to judge how much water to add at such a time.
Other processors have designed humidity-regulating 
chambers, where moist or dry air can be passed through 
the corn as it passes from the gravity cleaner to the 
storage bins. By regulating the flow of moist or dry 
air and the speed of the corn passing through the cham­
ber, the moisture content of the com  can be regulated 
quite accurately.
POPPING EXPANSION
Since popping expansion is the most important factor 
in determining the value of a given lot of popcorn and 
since popcorn has little use until it has been popped, it
is necessary to know what factors affect popping ex­
pansion.
High popping volume is important for two reasons. 
Corn which, has a high expansion is more crispy and 
tender, and for the commercial popper it gives a higher 
return on the money invested in popcorn. Since high 
expansion is so desirable, it is important that every pre­
caution be taken— from grower to consumer— to main­
tain high-volume corn.
It is necessary to' understand what makes corn pop 
in order to1 evaluate the factors affecting popping ex­
pansion. Early investigators assumed that popping was 
the result of moisture in the kernel turning to steam 
when heat was applied. This, they thought, caused the 
kernel to explode.
Actually the popping process is not one big explo­
sion but millions of tiny explosions as each starch grain 
expands and bursts. Apparently not only the number 
of starch grains but the structure of the covering of 
each grain are factors in popping expansion. Some' in­
vestigators have advanced the theory that the thick­
ness or toughness of the protein matrix surrounding 
the starch grains holds in the moisture until sufficient 
steam pressure is generated to1 cause an explosion.
Although popping is not restricted to' popcorn, it 
finds its greatest expression in this form of maize. This 
is because popcorn is of a hard flinty structure and 
contains very little soft starch. Some varieties of flint 
corn pop fairly well, and kernels of hard dent varieties 
will pop slightly. On the other hand, flour corn 
which is made up entirely of Soft starch— will not pop 
at all. Some hard, flinty grain sorghums also pop well. 
Indians of the Southwest have been known to pop the 
hard, shiny seeds of pigweed.
The amount of expansion, then, is determined by the 
relative percent and location of hard and soft starch in 
the kernel and the proper moisture content. Appar­
ently the softer types of starch permit the gradual es­
cape of steam when the kernel is heated SO' that not 
enough pressure is generated to cause the sudden ex­
plosion necessary for complete popping.
Popping expansion is affected to a greater or less 
extent by the following factors which are discussed in 
other sections of this bulletin. These sections should 
be referred to for a complete understanding of each 
factor: variety or hybrid, type of popped flake, matu­
rity, freezing, method of popping and moisture content.
In addition the following factors have some effect 
on popping expansion:
Weight per bushel. Heavier weight per bushel usu­
ally gives higher expansion —  probably because the 
starch is more dense and there are a greater number 
of starch grains per kernel. This does not apply when 
the weight volume test is used.
Mechanical injury. Rough handling during shelling 
or processing and damage by disease, rodents or insects 
may lower volume.
13
13
Eldredge and Thomas: Popcorn... Its production, processing and utilization
Published by Iowa State University Digital Repository, 1959
Temperature of corn when put in the popper. If the 
popper is set t» pop corn at a given temperature, corn 
which is colder than this will not reach maximum vol­
ume.
Age. The age of the corn makes little difference if 
the moisture is kept right.
T o measure popping expansion, the commercial han­
dlers of popcorn— such as processors and large poppers 
— use an Official Volume Tester (known as O .V .T .). 
It consists of a popper mounted on a frame with a 
long cylinder beneath into which the popped corn falls. 
This cylinder is calibrated into spaces SO' that a cup 
used for measuring unpopped com  will fill the cylinder 
exactly one space. Thus if the measured cup of un­
popped corn will fill the cylinder up to the thirty-sixth 
space with popped corn, the sample is 36-volume corn. 
Recently the Popcorn Processors Association has 
adopted the practice of weighing the popping samples 
and measuring the popped sample in cubic inches per 
pound of unpopped com. Normally a 150-gram sample 
is used as a popping charge. This is referred fi> as 
the weight volume test (W .V .T .) .
POPPING THE CORN
The right popping technique is very important in ob­
taining the highest volume and best eating quality. 
Most commercial poppers have developed the proper 
popping methods to obtain maximum volume from the 
com  popped in the machine in use. Specific recommen­
dations for various machines are not made in this bul­
letin.
Some of the factors which affect nearly all commer­
cial poppers are listed below:
Moisture Level
The best moisture content for com  about to be 
popped is between 13 and 14 percent. Figure 5 shows
the amount of popped com  obtained from corn popped 
at varying levels of moisture; this illustrates the impor­
tance to the commercial producer of proper moisture 
content.
Care should be taken not to leave containers open 
for any length of time in a heated room:. Popcorn in 
an open container in an ordinary heated home or the­
ater lobby may lose as much as 3 percent moisture in 
5 or 6 days. It may lose 1 percent moisture in 2 or 3 
hours.
Unless the corn can be stored in an outside room 
where it is cool and reasonably humid, it should be 
transferred— as soon as opened— to tight containers. 
These should not be too large, since each time the con­
tainer is opened in a warm room the corn dries some­
what— especially if the container stands open for a few 
moments.
A  factor which leads to confusion is that not all elec­
tric moisture testers are calibrated the same. Figure 6 
shows how an oven and three different makes of electric 
moisture testers tested samples o f corn which had been 
adjusted to several moisture levels. Consequently, the 
optimum moisture level for popping must be established 
for a specific moisture tester by actual popping trials.
Seasoning
Popcorn can be popped either by the “ dry”  method 
(no seasoning used in the popper) or by the “ wet” 
method (seasoning used in the popper). The oil or fat 
used in popping is called' seasoning by the popcorn in­
dustry.
It is generally recommended that seasoning be used 
at the rate of about 30 percent by volume of the un­
popped corn.
Tests have shown that corn popped with no season­
ing did not pop as well as that popped with seasoning. 
The highest popping volume was obtained when the 
'amount of seasoning was approximately 30 percent by
Fig. 5. Effect of moisture on popping volume of corn. The cylinder at the far left contains the amount of corn required to 
pop that shown in the other cylinders when corn was at the moisture levels indicated.
In the right-hand photo are popped kernels from the cylinders, popped at (A ) 8 percent, (B ) 14 percent and (C ) 19 percent 
moisture.
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Fig. 6. Average moisture percent of four popcorn hybrids 
at six moisture levels as indicated by tests with three elec­
tric moisture testers and an oven.
volume of the unpopped corn at the optimum moisture 
level. Corn at higher moisture levels tends to1 pop bet­
ter with about 40 to 50 percent oil.
Any edible fat or oil which will stand the high tem­
perature in the popper is satisfactory for use as season­
ing. Butter or margarine is apt to' turn dark during 
the popping process and give the corn a poor flavor, 
but it can be melted and poured over the corn after it 
is popped. Much of the commercial seasoning is coco­
nut oil, peanut oil or one of the oils made from corn, 
cottonseed or soybeans.
Tests have shown that persons sampling popped corn 
tend to prefer corn popped in artificially colored oil
Fig. 7. Effect of popper temperature on different 
size popping samples as measured by expansion of 
popped corn.
rather than colorless oil. These samplers alsoi slightly 
preferred corn popped in peanut and coconut oil rather 
than that popped in corn oil, soybean oil or cottonseed 
oil.
Temperature
Proper temperature is important for best popping re­
sults, Tests have shown that the best popping tempera­
tures range from 350° F. to 530° F., depending on the 
amount of popcorn popped at one time. Popping ex­
pansions for 50-, 75-, 100- and 150-gram samples, 
popped over a range of 310° to 540° F., are shown in 
fig. 7. See table 2 for a volume comparison, between
O .V .T . and W .V .T .
A  50-gram sample of popcorn is approximately 4 
tablespoonfuls, and a 150-gram sample is approximately
cup. The popper used was the O .V .T . described 
previously. Temperature was most critical with small 
samples. Since many persons who pop corn, at home 
use small samples, this may explain in part why many 
complaints are received about poor popping corn.
Commercial poppers should check the temperature 
of their poppers occasionally to' make sure they are 
operating at maximum, efficiency. In some cases opera­
tors have blamed the lower popping quality on the 
corn that was used, when the low volume was due to 
improper heat of the popper. Defective wiring or too 
heavy a load on the electric circuit may seriously affect 
the heat of electric poppers.
POPCORN AS FEED
Sometimes popcorn is unfit for use as popped corn. 
This may be the result of low popping expansion caused 
by failure to mature before frost, condemnation because 
of rodent contamination, or other factors.
Popcorn which is unfit for popping can be ground 
and used, as feed for cattle. One large processor has 
topped the market several times with steers fed on cull 
popcorn. Because of its extreme hardness: it should 
always be ground. Popcorn is similar to dent corn in 
nutritive value, being slightly higher in protein and 
about the same in other nutrients.
For hogs, popcorn— even when, ground— is not sat­
isfactory, probably because of its very hard endosperm. 
Hogs almost refuse to eat it and don’t “ do1 well”  on a 
popcorn diet.
Another outlet is for pigeon feed in California. Much 
popcorn which is unfit for popping is shipped to the 
west coast and sold to squab farms, Most large proc­
essors have contacts with such outlets.
POPCORN IN THE HOME
For information on growing, storing and popping 
corn for home use, write to' the Agronomy Department, 
Iowa State University, Ames.
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